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ABSTRACT

To study dynamics of molecular signals in thigilg neurons, we combined an inverted fluorescence
microscope with a probe-type ion image sensor. I8y newly developed opto-chemical microscopy, thanges in
both [pH], and [C&']; of neurons were simultaneously visible among hipgropal slices in culture. Immediately
after depolarization, both cellular signals showsgnificant changes, and the peak amplitude of $ignal was
dependent on the site of neuronal cells. We esthbli in situ assessment of both morphology and tfoncof
neuronal networks by the present ion image senased opto-chemical microscope system.

KEYWORDS
ion image sensor, pH, hippocampus, Ca, fluorescemiceoscope

INTRODUCTION

By using CCD/CMOS image sensor technique, ion imagesor was developed for the 2D display of pH [1].
produces an electrical output in proportion to teface potential on each pixel, thus displaystbacentration of
extracellular pH ([pH]) with a high spatial resolution (~1Q@m). With the chemical microsensor, 2D imaging ot no
only [pH], but also transmitter releases were possible inlithiag cells without labeling [2]. We have usedish
label-free technique for the detection of protontie acid secreting cells, osteoclasts and gasgfiands [3]. To
visualize a release of neuro-signals in the livingurons, we have developed the probe-type ion imseyesor
module (p-ion-1S), and combined it with fluorescenmicroscope (FM) for spatio-temporal analysis efuronal
functions in the brain.

COMPONENTS OF OPTO-CHEMICAL NEUROIMAGING SYSTEM

The elemental components for the construction ef dpto-chemical neuro-imaging system are showniguie 1.
The sensing area (SA) locating at the bottom obp-IS is 4.16 x 4.16 mfmsquare with 32 x 32 pixels. By the
manipulator control of p-ion-IS, SA was directlymmacted with surface of the brain samples. The bggmpal slices
were prepared from the rat brain [4], cultured foweek, and put on the window part of a cell chami@® obtain
the images at a higher S/N ratio in the whole fiefdSA, we used a macro-objective lens equippectited FM. The
high NA objective was capable of resolving the Cljion where glutamate-sensitive neurons were atign

4 . .

Figure 1. Photographs of p-ion-1S (A), SA (dashie@$ in B), cell chamber (C) and brain slice (D).
Cultured brain slice was put on the window (astkris C) of cell chamber.

OPTO-CHEMICAL MICROSCOPE SYSTEM AND CELL STIMULATIO NS

The dual imaging system for both [psind intracellular concencentration of CgCa’"];) is illustrated in Figure 2.
After loading Ca-sensitive fluorescent dyes (fludMA cultured slice was superfused with the circingtmedium
through inlet/outlet tubes. We measured the cedpmnses of [pH]by p-ion-IS, and [C&]; by FM, and stimulated
cells with chemicals added through the inlet tubtuo4 was excited with 480 nm light, and the endttgreen
fluorescence was recorded with CCD camera. Befbie recording, slices were kept in the recording med
containing 140 mM NacCl, 5 mM KCI, 2 mM Cagll mM MgCl, 10 mM D-glucose, and 10 mM HEPES (pH=7.2
with NaOH).
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Figure 2. Schematic diagram of opto-chemical micase system consisting p-ion-IS, cell chamber aktd F
sl; slice preparation putting on the cell chamber; medium.

DUAL IMAGING OF [pH] ,and [Ca®]; IN THE BRAIN SLICE
The sequential images of [pkfnd [C&']; in the hippocampal slices were recorded at therd’rsquare. The [pH]
was slightly lower in the corresponding area whére slice images were visible by FM. Before stintida, no
significant changes were observed in both signafter stimulation with chemicals adding through timet tubes,
[Ca®"]; was changed in the whole region of slice (Fig. 3®&ile [pH], change was partial (Fig. 3A). Between the
CA3 and CALl regions, [pH]showed significant changes in 1 min after the siliation.

Figure 3. Sequential images simultaneously recorogdsing p-ion-IS (A; [pH}) and FM (B; [C&]i).
Numbers indicate the time (sec) after the cell sigtion. Bar:1 mm.

TIME COURSE OF OF [pH] , and [Ca®"];
Figure 4 shows the time course of the cell sigrinl¢he area of a square indicated in Fig. 3B. Theraged [pH]
before stimulation was about 7.2 almost same asréiterding medium. Within 1 min after stimulationittv an

ethanol (up to 1 mM), the [pH]decreased, while [¢§; increased. In average, the degree of the [alécrease was
0.75, and [C4]; increase was 25% compared to the basal level udréiscence intensity. Both signals did not
recovered to the initial level in a few minutes. & bpatio-temporal analysis of Ca-dependent protdease from a

neuron was possible by the opto-chemical microscajg sensitivity to the potent stimulants to neurgas clearly
distinguishable by the analysis of [pfHHheasurement using the ion image sensor.
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Figure 4. Changes in [pH] (left) and [C&*]; (right) simultaneously recorded by the opto-cheshimicroscopy.
[pH] , change wascalculated as the difference to thedhitalue, and Ca response was indicated as rekativ
fluorescence intensities of fluo4. Time indicatéelacell stimulations.
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SELF-ORGANIZATION OF THE NEURONS

To extend the study oih situ analysis for the neural-signals, we prepared aroveal network model artificially
constructed on the polydimethylsiloxane (PDMS) cham As shown in Figure 5, extension of nerve fitsard

formation of synapse-like structures were inducdral week culture of neurons which was dissoalafeom

hippocamus. The neural outgrowth appeared not antjre bottom of circled area (diameter=2Qf), but also in
the flow path of the 1@um width fabricated inside the PDMS chamber. Thefiprotrusion was over 20@m length,
and sometimes formed a synapse at the terminals@ hesults indicate the culture of dissociated oaarin the
PDMS chamber is useful for induction of the selfyanization and functional analysis of neurons.

Figure 5. Morphology of neurons cultured in a PDMBamber for 1 week.
Left, phase contrast image. Right, fluorescencegenaf cells labeled with FITC. Bar, 2am.

CONCLUSION

For the monitoring of neuronal signals in the bralite, we successfully combined a probe-type image sensor
with fluorescence microscope. By using the optoralwal microscope, changes in [pHand [C&']; of the slice

were visible with time. We established in situ témle assessment of both morphology and functiome@ironal

networks, and the spatio-temporal analysis of ¢atlaignals both inside and outside of the livirglls.
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